Introduction
============

Primary spontaneous pneumothorax (SP) is a disease that occurs without a precipitating event in patients with no known lung diseases. In fact, most SPs are usually thought to result from rupture of unrecognized blebs or bullae \[[@B1],[@B2]\]. Triggering factors causing rupture of blebs or bullae have not been determined. The proposed factors for the rupture of blebs or bullae are disequilibrium between pressure in the blebs/bullae and pressure in the surroundings \[[@B3]\]. SP has differing geographical incidences. The reason for these differences are unknown \[[@B4]\]. Certain climate changes, including atmospheric pressure, humidity, temperature and seasonal variations have been studied as a potential cause of SP occurrence \[[@B5]-[@B7]\]. However, the results of these studies are controversial and have consistently failed to show an association \[[@B3],[@B8]\]. Additional studies are necessary to evaluate the possible triggering factors of SP which may be caused by the rupture of blebs or bullae. The possible impact of changes in ozone level on the occurrence of SP has not been studied before. Similarity between electron microscopic findings of ozone effects on lung tissue and electron microscopic findings of SP encourage us to expect an association between ozone concentration and the occurrence and severity of pneumothorax \[[@B9],[@B10]\]. We aimed to evaluate the association between the occurrence of SP and ozone levels. Such an association may help us to understand the mechanism of SP and the potential triggering factors causing rupture of blebs or bullae which may be the actual cause of SP.

Methods and materials
=====================

A total of 79 consecutive pneumothorax patients who were admitted to emergency outpatient clinics of Marmara University Hospital were included in the study. We subsequently excluded 21 secondary pneumothorax patients; the remaining 58 SP patients were investigated. Meteorological data and ozone levels, recorded at the date and time of the SP occurence at that latitude and longitude, were obtained from a website of the Total Ozone Mapping Spectrometer, Ozone Processing Team-NASA/GSFC Code 613.3. Pearson\'s χ^2^, analysis of variance, the *t*-test and the Pearson correlation coefficient were used as the statistical measures.

Results
=======

The female/male ratio was 7/51 while mean age was 39 ± 30 years for females and 35 ± 17 years for males. Demographic characteristics and risk factors including smoking did not differ significantly in patients presenting in different seasons (Table [1](#T1){ref-type="table"}). The number of SP patients was higher in spring than in other seasons (spring n = 25, summer n = 12, autumn = 12, winter = 9; p \< 0.05). Numbers of SP patients were higher in March (n = 6), April (n = 11), May (n = 8) (p \< 0.05) than in any of the other months. There was an association between the frequency of SP incidence and the average ozone level for the different seasons (F 3,52 = 19.45, p = 0.001). As Figure [1](#F1){ref-type="fig"} shows, the average ozone level was higher in spring (363 ± 25 Dobson) than in the other seasons (autumn, 296 ± 18 Dobson; summer, 321 ± 26 Dobson; winter, 324 ± 32 Dobson) (*p*= 0.001). There was a positive correlation between SP frequency and the average ozone values for the seasons (r = 0.301, p = 0.024). There was no significant correlation between the severity of SP and ozone levels (r = 0.236, p = 0.16).

###### 

Characteristics and risk factors for spontaneous pneumothorax (SP) in patients according to seasons\*

  Characteristics       Spring (n = 25)   Summer (n = 12)   Autumn (n = 12)   Winter (n = 9)   P
  --------------------- ----------------- ----------------- ----------------- ---------------- ------
  Male/Female           21/4              11/1              11/1              8/1              0.87
  Age (years)           40 ± 20           31 ± 15           30 ± 18           34 ± 18          0.43
  Smoking History +/-   18/7              10/2              7/5               7/2              0.56
  Severity of SP                                                                               
   Moderate             13                3                 5                 6                
   Severe               4                 4                 3                 0                0.28
   Undefined\*\*        8                 5                 4                 3                

\*Data are presented as mean ± SD or absolute numbers.

\*\*SP patients who did not have chest X-rays because of emergency conditions.

![**Number of spontaneous pneumothorax patients and ozone level according to seasons**.](2049-6958-6-1-16-1){#F1}

Discussion
==========

This is the first study examining the effects of ozone levels on spontaneous pneumothorax occurrences. Some previous studies have proposed that seasonality and especially atmospheric pressure may be precipitating factors for SP. Bense and Scott et al. had previously shown the link between SP and changes in atmospheric pressure \[[@B5],[@B11]\]. However, more recent studies in different regions have failed to show an association between SP and climate changes \[[@B12]-[@B14]\]. Recently, the first large nationwide population based study did not support the premise that seasonality is a precipitating factor for SP \[[@B8]\]. In all these studies, humidity, atmospheric pressure changes and temperatures were under consideration in relation to the spontaneous pneumothorax occurrences. Many studies have demonstrated no association of changes in atmospheric pressure in different regions and SP. Also with regard to SP and variations in ambient temperature, some studies have revealed no relationships. The results from these studies are controversial, but they have consistently failed to show a significant association.

The most important finding of our study was the increased number of patients with SP during periods of high ozone levels. The increased SP frequency may be due to the oxidative stress effect of ozone. Ozone is known to cause damage to the lung interstitium by way of oxidative stress \[[@B15]\]. Ozone has also been known as a protoplasmic poison causing damage to lung tissue during lung exposure to chlorine \[[@B16]\]. Studies of the noxious effects of ozone on lung tissues are limited but it is known that ozone can cause damage in lung tissue. Previously, acute ozone exposure has been shown to decrease lung volume per unit of distending pressure. This effect may be potentially caused by a change of lung tissue elasticity or by changes in surface tension forces of the alveoli \[[@B10]\]. The lungs are constantly exposed to oxidants which are present in the air inhaled. The oxidants in inhaled air include cigarette smoke and ozone, or those released from inflammatory leukocytes. These oxidants, including ozone, cause direct damage to the lung interstitium. These oxidative stressors have been shown to contribute to the pathogenesis of SP in some studies \[[@B15]\]. An increase in interstitial mass and a proliferation of epithelial cells has been reported as a response to pulmonary stress and insult including exposure to ozone \[[@B9]\]. By way of these effects on lung tissue, increased levels of ozone in the inhaled air may contribute to the pathogenesis and occurrence of SP.

The other important finding of our study was the increased SP frequency in the spring. There was also a positive correlation between SP frequency and average ozone values for the seasons. The average ozone value was higher in spring, and in spring there was an increased SP frequency. In the literature there is no consensus regarding the causes of the apparent increase in the rate of SP. There is also no agreement about factors causing the occurrence of SP. Some studies have proposed that changes in atmospheric pressure cause alterations of the volume of air-holding lung cysts, and that this may cause weakening of the walls \[[@B3]\]. However, both weakening of the walls due to atmospheric changes and contributions from other seasonal factors including temperature, humidity and storms as an explanation for the occurrence of SP do not provide strong explanations for the SP occurrence from the point of view of pathophysiology.

In our study, we found that SP was more often seen in high ozone levels. Ozone itself is known to have some destructive effects on lung tissue. This has been shown by both biochemical studies and by electron microscopical studies \[[@B10],[@B15],[@B17]\]. It is also interesting that similar ultrastructural changes are seen in lungs both in response to acute ozone exposure and in the occurrence of spontaneous pneumo thorax. These changes include proliferation of epithelial cells and an increase in the intersitial mass and edema \[[@B9],[@B10]\]. As certain climatic parameters have shown weak and controversial associations with the incidence of SP, there is a need to invesitigate possible other associations. From our findings and from the potential pathophysiological mechanisms of ozone acting on lung tissue, a high level of ozone may be a precipitating factor in the alteration of lung tissue elasticity and may also be a factor in the rupture of blebs/bullae in SP. In our study a high level of ozone in the spring may explain the more frequent occurrence of SP in this season.

Limitations
===========

The first limitation is the small sample size of the study. A larger sample would have provided more precise information about the effect of ozone level on the occurrence and severity of SP. A second limitation is that this study is an uncontrolled retrospective study that could have a recall bias.

Conclusions
===========

We found a higher incidence of SP in the spring months when the ozone levels were highest. There was a positive correlation between SP frequency and average ozone values for the seasons in our study. A high level of ozone may be involved in the pathogenesis of SP. Larger population-based studies in addition to the animal studies for effect of ozone level on SP should be carried out to assess this relationship.
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